Tearing mode stability properties are investigated for azimuthally symmetric perturbations about an intense proton layer (P-layer) immersed in a background plasma.
I. INTRODUCTION
In recent years, there has been a renewed interest in fieldreversed layers and rings as magnetic confinement configurations for fusion plasmas.1-5 Such field-reversed configurations are likely subject to various macro-and microinstabilities. [5] [6] [7] [8] [9] [10] For example, the tearing-mode stability properties of a field-reversed E-layer (electron layer) has been investigated by Marx 5 for azimuthally symmetric perturbations in the absence of a background plasma. A more general analysis is required to investigate stability properties for an intense field-reversed ion layer characterized by vl and n nb. found that the system is unstable for perturbations with axial wavenumber k satisfying 0<k<k . Otherwise, the system is stable. c Several points are noteworthy in the present analysis. First, a nonzero axial velocity spread (A#0) stabilizes perturbations with sufficiently short axial wavelength. Second, for specified values of v and A, the unstable range of axial wavenumbers decreases to zero as the conducting wall approaches the ion layer. Finally, the instability growth rate can be reduced to zero by increasing the ratio of plasma density to layer density to arbitrarily large values (n p/nb >).
II. EQUILIBRIUM CONFIGURATION AND BASIC ASSUMPTIONS
As illustrated in Fig. 1 , the equilibrium configuration consists of a space-charge neutralized P-layer (proton layer) that is infinite in axial extent and immersed in a cold, dense background plasma.
The plasma ions are assumed to be singly charged, and the mean radius and radial thickness of the P-layer are denoted by R 0 and 2a, respectively. A grounded cylindrical conducting wall is located at radius r=R .
Cylindrical polar coordinates (r,6,z) are introduced.
In the present analysis, we make the following simplifying assumptions:
(a) The radial thickness of the P-layer is much smaller than its major radius, i.e., a<<R (c) The background plasma equilibrium is assumed to be 0 0 electrically neutral with n (r)=n (r). In addition, the equilibrium i e charge density of the layer ions (j=b) is neutralized by the layer electrons (j=e') with 0(r)=n ,(r). We therefore assume that the 0 equilibrium radial electric field is equal to zero, E (r)=O. (e) The stability analysis is carried out for azimuthally symmetric (a/ae = 0) perturbations.
In the present article, we investigate the equilibrium and stability properties associated with the ion layer distribution
where nb, w 0 , A, and T are constants, Hl=(m /2)(v +v ) is the per- After some algebraic manipulation, the ion layer density profile for a thin layer is given by10 
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where B0 is the axial magnetic field outside the layer (r>R 0 +a).
For notational convenience in the subsequent analysis, we introduce the effective magnetic compression ratio n defined by
which characterizes the change in axial magnetic field across the layer. Making use of the definition in Eq. (9), we express Eq. (8) in the equivalent form 
As illustrated in Fig. 3 , we conclude this section by specifying the plasma density profiles by
a , R 0 +a<r<Rc (14) for j=e,i. Here a is an arbitrary constant.
III. STABILITY PROPERTIES FOR AZIMUTHALLY SYMMETRIC PERTURBATIONS

A. Linearized Vlasov-Maxwell Equations
In this section, we make use of the linearized Vlasov-Maxwell equations to investigate stability properties for azimuthally symmetric perturbations (3/ae=O) about the thin ion layer equilibrium described by Eq. (2). We adopt a normal-mode approach in which all perturbations are assumed to vary with time t and axial coordinate z according to
where w is the complex eigenfrequency, and k is the axial wavenumber. 0<r<R, we obtain the approximate relation, 
from Eq. (28). Here, the primes (') denote I{(x)=(d/dx)1l(x) and
The perturbed azimuthal electric field E (r) is continuous across the layer boundaries (at r=R and r=R2 Integrating Eq. (17) from r=R to r-R , we obtain,
where the effective susceptibility is defined by where we have approximated E (r)=E (R ) inside the layer (R 1 <r<R 2 ). Equation (33) is the TE mode dispersion relation for azimuthally symmetric perturbations. Evidently, an evaluation of the effective susceptibility X(w) is required for a detailed stability analysis.
B. Effective Susceptibility
In this section, we evaluate the perturbed azimuthal current density inside the layer, and the effective susceptibility x(w) defined in Eq. (32).
In determining the azimuthal current density, we approximate the perturbed azimuthal electric field E 0 (r) by,
for R <r<R . For convenience, we introduce the surface current density a. defined by,
R1
where j=e,i,e',b denotes the plasma electrons and ions, layer electrons, and layer ions, respectively. Making use of Eqs. and coth 1 (x), thereby avoiding the branch cut on the real w-axis.]
In a similar manner, we find that the layer electron surface current density can be expressed as 
Substituting Eqs. (41) and (42) (jj
. numerically for general eigenmode, we limit the present analysis to purely growing solutions.
After a careful examination of the effective susceptibility X(w) in Eq. (45), we note that X(w) is an even function of the eigenfrequency w. Moreover, it is evident from Eqs. (27) and (30)
that the wave admittances, b+ and b_, are also even functions of w.
In this regard, we conclude that there may exist a purely growing solution to Eq. (33) (with Imw>O and Rew=O), at least for a certain range of axial wavenumber k. For -w 2y >0 (Rew=O), Eq. (33) can be expressed as
where
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In obtaining Eqs. (47) and (48) 
where kc is the critical wavenumber. The system is unstable for perturbations with axial wavenumber in the range 0 < k < kc . on the other hand, the system is stable (y=O) for short wavelength perturbations with k>k . 
(56)
The function h(kR0) is plotted versus kR for various values of of kR . For appropriate choice of the parameters v and A, and a specified value of R 0 /Rc it is clear that the constant function v(R2we2wa /3)/A 2 will intersect the curve h(kR ) at some critical k-value (k=kc), and the system will be unstable for 0 < k < k .
On 
[l-(R 0 / C 2 +3 RI R0 ci (l+v) 0 or equivalently, In order to illustrate the dependence of growth rate y on the density ratio n p/nb, we Taylor-expand L(k,jyj) about y=O and retain terms of order y . Making use of the approximation tan 1(1/x) = (r/2)sgnx for x<<l, it is straightforward to show that
where the function e(n) is defined by In the case where the density ratio n p/nb is sufficiently large that Evidently, from Eq. (64), the growth rate y decreases with increasing np/nb, and can be significantly reduced in the limit of large background plasma density with np/nb"" Finally, we conclude this section by pointing out two areas in which the present analysis can be generalized. First, the analysis can be extended to investigate stability behavior for non-zero real eigenfrequency. Second, the present analysis can be extended in a relatively straightforward manner to circumstances where the perturbations are not azimuthally symmetric (a/D8#0). In this case, the tearing mode instability will couple with the negative-mass instability First, an axial velocity spread (AOO) has a stabilizing influence for perturbations with sufficiently short axial wavelength.
Second, for specified values of v and 6, the range of axial wavenumber corresponding to instability decreases to zero as the conducting wall radius approaches the radius of the ion layer.
Finally, the instability growth rate can be reduced to zero provided the ratio of plasma density to beam density is sufficiently large. 
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